against insulin receptors do not exist for BBB transport studies in rodents, so anti-TfR approaches have been the primary strategy for preclinical testing. Whether or not this approach will have the best translational potential in humans has yet to be confirmed. Variable expression of small molecule efflux transporters such as PgP and BCRP in different species has been established, and it will not be surprising if species differences exist for RMT transport pathways. Acquisition of data in humans or human cell models will be required to reveal the expression and kinetics of TfR and other RMT pathways at the BBB.
Routine delivery of large biomolecules across the human BBB remains a holy grail for CNS therapeutics. More than $1 billion has been spent on clinical development of peripherally administered Ab antibodies that exhibit limited CNS penetration (Yu and Watts, 2013) . The exciting finding by Freskgå rd and colleagues that fusion of a single anti-TfR F ab improves brain penetration of antibodies by transcytotic delivery points toward a general strategy for CNS delivery and may help define the basic cell biology of membrane trafficking in the cerebrovasculature. By identifying a monovalent, modular means of moving molecules into the CNS, Niewoehner et al. (2014) provide a potentially powerful procedure to pierce through the bloodbrain barrier. Tuma, P., and Hubbard, A.L. (2003 Censor et al. (2014) combine behavioral, TMS, and neuroimaging to identify task-free neural signatures that relate to modification of motor memories. Modulation of memories using TMS may provide a powerful approach to improve human brain function in neurorehabilitation and cognitive neuroscience.
Modification of existing memories after their reactivation may result in behavioral outcomes that can be beneficial or maladaptive. Numerous studies have provided evidence that when an already consolidated memory is reactivated upon retrieval, it becomes susceptible to modification before it is reconsolidated again into a stable form (Nader and Hardt, 2009; Dudai, 2012) . The outcomes of this modification can be degradation (Nader et al., 2000) , stabilization, or strengthening of the original memory (Lee, 2008; Walker et al., 2003; Censor et al., 2010) . Substantial advances in the field have been achieved using animal models, by injecting protein synthesis inhibitors to the relevant brain regions, upon reactivation of the memory. Progress has been also made in humans, pointing to similar mechanisms (Chan and LaPaglia, 2013; Schiller et al., 2010; Schwabe et al., 2012; Censor et al., 2010; Walker et al., 2003) . Overall, modification of existing memories after their reactivation may play an important role in learning and skill acquisition and, furthermore, can be of special relevance in rehabilitation after brain injury or in treating chronic neurological conditions. What has been missing to date is evidence for task-free neural signatures of modified human memories at a systems level.
In this issue of Neuron, Censor et al. (2014) start to address this question by focusing their interest in the corticostriatal loop, under the working hypothesis that activity in this loop might relate to interindividual differences in the ability to modify a previously consolidated memory. To gain information on task-free neural signatures of memory modification in humans, Censor et al. (2014) used a combination of noninvasive experimental paradigms, applicable for research in human subjects. They report reduced corticostriatal functional connectivity in a group of subjects with reduced memory modification after noninvasive interference with a reactivated motor memory, compared to a group of subjects with intact memory modification that received control stimulation. More importantly, the corticostriatal functional connectivity modulated by noninvasive brain stimulation also predicted the offline behavioral effects of memory modification (offline changes in memory strength).
To carry out their exciting study, Censor et al. (2014) effectively combined several experimental paradigms-a motor learning paradigm, repetitive transcranial magnetic stimulation (rTMS), and restingstate fMRI. In the motor learning paradigm (Karni et al., 1995; Walker et al., 2003) , participants had to perform a sequence of finger movements as quickly and accurately as possible during each time-limited trial. Performance is measured as the number of correct sequences per trial. Participants were first trained with the task and encoded the motor sequence memory. After consolidation, the memory was reactivated by having participants perform additional trials of the same task. Inhibitory rTMS (or control stimulation) was applied to the primary motor cortex (M1) synchronized with memory reactivation. On the following day, participants were retested with the same task in order to behaviorally assess the modification of the memory (offline gains in performance from the previous day). The results showed that memory modification was disrupted behaviorally after interference, relative to control stimulation. Censor et al. (2014) applied rTMS in order to noninvasively interfere with the memory in humans, thus replacing the invasive techniques used previously in animal studies. rTMS was applied to the primary motor cortex, a brain region that is actively involved in formation of motor memories (Karni et al., 1995; Censor et al., 2010) .
As used by Censor et al. (2014) , 1 Hz rTMS is commonly referred to as the ''virtual lesion'' approach, since it temporarily inhibits cortical processing (Chen et al., 1997) . The presence of lasting behavioral and neural effects of rTMS interference measured the following day suggest an interaction with offline processes such as sleep or memory reconsolidation (Diekelmann and Born, 2010; Nader and Hardt, 2009; Dudai, 2012) , important to characterize in future investigations.
Since stimulation was applied to M1 and also disrupted online manual performance, Censor et al. (2014) elegantly designed the control group to include both vertex rTMS and peripheral nerve stimulation at the wrist to disrupt manual performance during reactivation to a similar extent as the disruption evident when stimulating M1 with rTMS.
Censor et al. (2014) measured restingstate functional connectivity between M1 and the dorsal striatum (posterior putamen, a key component of the corticostriatal loop that is involved in late stages of motor sequence learning [Debas et al., 2010; Ungerleider et al., 2002] ). To that effect, participants were scanned at rest before the experimental intervention of memory interference (pre-and posttest) and on the following day (pre-and postretest). Censor et al. (2014) found that memory interference resulted in reduced functional connectivity between the dorsal striatum and M1 measured at rest immediately preceding the measure of memory modification (before the behavioral retest), but not in the corticocerebellar loop, engaged in very early stages of learning, in this paradigm most likely during day 1.
They then proceeded to evaluate whether the interindividual variability of corticostriatal resting connectivity relates to the magnitude of memory modification. They reported that corticostriatal resting functional connectivity predicted the magnitude of memory modification. The key significance of the work is the finding that noninvasive interaction with an existing memory trace may modulate both behavioral and intrinsic neuronal representations measured the following day. Moreover, the link observed between behavior and underlying brain function may provide a powerful indication explaining interindividual variability in the ability of humans to modify memories.
These results have potentially important clinical implications, implying that in order to decrease negative memories such as in posttraumatic stress disorders, two important aspects should be taken into account. First, while the study here used one reactivation-reconsolidation cycle, continuous interventions may be needed in clinical settings, with multiple reactivation-reconsolidation cycles. Second, it would be important in clinical settings to balance minimization of the exposure to the original memory (in the form of repetitive reactivation periods) in order to prevent rebuilding of the maladaptive memory trace, similar to the recovery of the corticostriatal functional connectivity with additional exposure to the memorized task observed in this paper, with the need to reactivate the memory on each session in order to downregulate it with rTMS.
Several questions remain for future explorations. What may be the differences between systems-level neural signatures of memory modification and memory consolidation, and what additional evidence is there supporting a mechanistic dissociation between the two processes? What are the ideal time intervals between reactivation of the memory and application of rTMS, and how are they linked to the intervals of reconsolidation identified in animal studies? How can these findings help us design strategies to downregulate negative memories when needed as in PTSD and to facilitate adaptive motor memories as in neurorehabilitation following brain lesions? The study by Censor et al. (2014) opens multiple avenues to address these exciting questions, providing the evidence needed that noninvasive interaction with existing memories may modulate behavior and interregional functional connectivity. In this issue of Neuron, Guo et al. (2014) optogenetically probe contributions of different cortical regions to tactile sensory perception, finding that somatosensory cortex is necessary for acquisition of sensory information and frontal cortex is necessary for planning motor output.
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Understanding how sensory information is used to elaborate an appropriate behavior is one of the most fundamental questions in neuroscience. The specialization of cortical areas for different functions has emerged as a general organizing principle of the mammalian brain. Thus, cortical areas processing given sensory modalities, specific aspects of motor control, and more complex cognitive functions have been identified based on lesions, neuronal recordings, and microstimulation. However, the simplistic idea of assigning a single function to a given brain area has been challenged by the extent and complexity of interactions between areas. Indeed, sensory information is processed in a highly distributed manner in the mammalian brain (Herná ndez et al., 2010). For example, about half of the macaque neocortex can be considered as primarily engaged in processing visual information (Felleman and Van Essen, 1991) . As another example, a 1 ms deflection of a single whisker in a mouse can evoke depolarization across a large part of sensorimotor cortex (Ferezou et al., 2007) . Nonetheless, different cortical areas are known to be specialized for processing distinct aspects of sensory information i.e., the dorsal and ventral streams of the visual system are thought to respectively encode ''where'' and ''what'' types of information (Goodale and Milner, 1992) . Such large-scale brain activity is probably mediated at least in part by the extensive corticocortical connectivity reported in many mammalian species including mouse, monkey, and man (Van Essen, 2013) . As a consequence, the neuronal substrates linking perception to action involve a large number of sensory and motor areas (as well as other brain regions involved in decision making, memory, attention, or motivation) that could be simultaneously or sequentially activated. Deciphering which brain areas are causally involved and when they participate in a given behavior is an important challenge.
Whereas recordings from different cortical areas have provided correlational data supporting possible distinct roles for different brain regions, obtaining causal insight is much more difficult. Perturbation experiments provide the key to investigate causal links between neuronal
